Purpose: Our current study was conducted to identify patients' anatomic, pathologic, and clinical factors to predict difficulty of performing laparoscopic abdominoperineal resection for ultra-low rectal cancer.
L aparoscopic surgery for colorectal cancer is now widely accepted as a safe and less invasive alternative to open surgery. Compared with open surgery, it has similar short 1 and long-term [2] [3] [4] [5] outcomes, but with more clinical advantages, such as less blood loss and postoperative pain, faster recovery, and less hospital stay time. 1, 6, 7 Laparoscopic surgery enables the shortening of time to initiate chemotherapy in colorectal cancer patients following surgery. 8 Unlike the upper abdomen, pelvic space is not expandable by the pneumoperitoneum. Laparoscopic resection for rectal cancer is performed in the pelvis with limited working space. It is therefore a surgery demanding a high skill. Patient's anatomic, pathologic, and clinical factors have been identified to influence the operative difficulty. [9] [10] [11] [12] [13] [14] It is observed that most of these previous studies focus on laparoscopic sphincter preserving resection of rectal cancer.
Results from these studies are still inconsistent. Limited sample sizes and inclusion of confounding factors, such as surgeons of different skills and different operative procedures, may be the cause of the inconsistencies. To date, very few studies examine patients' factors influencing the difficulty of laparoscopic abdominoperineal resection (APR) of rectal cancer. 15 The objective of our current study was to identify the predicting role of patients' anatomic, pathologic, and clinical factors that may influence operative difficulty. Operative time, blood loss, and postoperative morbidity would be applied as endpoints to estimate operative difficulty. Only patients who had rectal cancer 2 to 5 cm from anal verge and underwent laparoscopic APR were included. All surgeries were performed by 1 experienced surgeon at the same hospital.
MATERIALS AND METHODS

Patient Selection
From April 2009 to December 2014, a total of 117 consecutive patients with rectal cancer (2 to 5 cm from the anal verge) underwent laparoscopic APR. All surgeries were performed by an experienced surgeon (W.C.). Because of the retrospective nature of the study, informed consent was waived by the Ethics Committee of our hospital.
The following patients' information were collected from the medical records: age, sex, body mass index (BMI), pelvic dimension, prior abdominal surgery, concurrent diseases (hypertension and/or diabetes mellitus), preoperative chemoradiotherapy, operative time, amount of blood loss during surgery, postoperative morbidity, and duration of hospital stay after surgery, tumor sizes and stagings, and number of lymph nodes harvested. Tumor distance from anal verge was measured by colonoscopy combined with digital examination. Interspinous distance (the narrowest distance between the ischial spines) and sacral-pubis distance (the distance from pubis symphysis to the sacrum at the level of ischial spines) ( Fig. 1) were blindly measured on axial computed tomographic images by a radiologist (L.T.). Postoperative pathologic results were used to provide a precise description of the tumors (diameter, the degree of circumferential occupation, and stages). Tumors were staged based upon the seventh tumor node metastasis (TNM) classification of the Union for International Cancer Control (UICC). Operative time, starting from establishment of the pneumoperitoneum, to the end of the abdominal incision sutured, was calculated using electronic anesthesia records.
Surgical Procedures
All patients underwent laparoscopic APR using welldescribed standard methods but with minor modifications. 16 All patients' hips were raised by 5 cm with a pad during the surgery. This was the position also used for computed tomographic imaging, with a purpose to diminish the sacral curve. The primary operative hole, with 12-mm trocar, was placed B3 cm below the right lower quadrant of McBurney point, to avoid injury to the inferior epigastric and external iliac vessels. The laparoscopic resection was finished until exposing the levator ani.
Statistical Analysis
Quantitative data were presented as mean ± SD. Data transformation by square root was applied to the operative time and blood loss during surgery, to meet the normality requirement. Operative time and blood loss were standardized by minusing their mean and then dividing by their SD. 17 Student t test or w 2 test was applied to examine the difference of each variable as indicated. Linear regression was utilized to determine the relationships between the patients' variables and endpoints (operative time, blood loss during surgery), whereas logistic regression was applied for postoperative morbidity. After univariate analysis, variables with a P < 0.25 were selected for multivariate analysis. A multivariate analysis was performed using a multiple linear regression or logistic model, with a stepwise (forward selection/backward elimination) method. The statistical analysis was performed using SAS software (SAS Institute Inc., Cary, NC), and P < 0.05 was considered to be significant. 
RESULTS
Patients and Tumor Characteristics
This study consisted of 117 patients with rectal adenocarcinomas (2 to 5 cm from anal verge) who underwent laparoscopic APR with total mesorectal excision ( Table 1) . In total, 67 (57.3%) were male and 48 (42.7%) were female. The mean age of all patients was 57.6 ± 12.4 years. Male patients (59.0 ± 12.0) were 3.3 years on an average older than female patients (55.7 ± 12.9) (P = 0.1624). The mean BMI was 22.4 ± 3.1. There was no significant difference between male and female patients. Both pelvic parameters (interspinous and pubis-sacrum distances) were significantly larger in females compared with males (both P < 0.0001) ( Table 1) .
Preoperative chemotherapy and radiotherapy were administered in 11 (9.4%) patients (Table 1) . Concurrent diseases occurred in 26 (22.2%) patients. A total of 24 (15.5%) patients had prior abdominal surgery. Females (29.3%) had a significantly higher rate of prior abdominal surgery than males (10.3%) (P = 0.0019).
The average operative time was 189.2 ± 60.4 minutes. Males had a longer operative time than females, by 10 minutes, but this was nonsignificant (P = 0.3410) ( Table 1 ). The average blood loss during surgery was 109.9 ± 76.5 mL. Males and females had an average blood loss of 112.7 ± 89.7 and 1106.2 ± 54.8 mL, respectively (P = 0.6520). Males (12.1 ± 4.2 d) and females (11.7 ± 3.3 d) had a similar lengths in hospital stays, following surgery (P = 0.6158).
Postoperative morbidity occurred in 23 (19.7%) patients. Fifteen male patients (22.4%) and 8 female patients (16%) developed morbidity after surgery (Table 1) . These morbidities included 3 case of perineal bleeding, 3 cases of incomplete intestinal obstruction, and 17 cases of infection, including perineal infection (11 cases), and other sites (6 cases). No positive longitudinal resection margins were identified. No conversion to open surgery happened and no patient died from the surgery.
Pathologic information of tumors was summarized in Table 2 . Male and female patients had similar features in tumor diameter, the degree of tumor circumferential occupation, number of lymph nodes collected, staging, TNM phases, and tumor distance to anal verge.
Factors Related to Operative Difficulty in Overall Patients
Univariate analysis showed that BMI (P = 0.0005), interspinous distance (P = 0.0011), tumor distance from anal verge (P = 0.0123), prior abdominal surgery (P = 0.0286), concurrent diseases (P = 0.0026), and preoperative chemoradiotherapy (P = 0.0106) were significantly associated with operative time. Multivariate analysis showed BMI (estimate = 0.07, P = 0.056), interspinous distance (estimate = À0.02, P = 0.0011), tumor distance to anal verge (estimate = À0.17, P = 0.0355), prior abdominal surgery (estimate = 0.51, P = 0.0180), concurrent diseases (estimate = 0.49, P = 0.0122), and preoperative chemoradiotherapy (estimate = 0.67, P = 0.0146) were predictors for operative time (Table 3) . Our results show that both age and concurrent diseases were the predictors for standardized blood loss during surgery, in univariate and multivariate linear regression models (Table 4 ). Univariate and multivariate logistic regression analysis showed that BMI was the only factor (estimate = 0.15, P = 0.0472) predictable for postoperative morbidity in multivariate analysis (Table 5) .
Our results showed that operative time was significantly associated with blood loss in patient's overall (P = 0.0340). In contrast, both operative time and blood loss were not predictors for postoperative morbidity (Table 6) .
Sex has previously been considered a factor in influencing operative difficulty. 15, 18 Males and females have significantly different pelvic sizes, but no significant difference in operative time. This suggests that males and females have different predicting factors. Our results showed sex differences in factors impacting operative time. BMI (estimate = 0.11, P = 0.0035), interspinous distance (estimate = À 0.04, P = 0.0010), and preoperative chemoradiotherapy (estimate = 0.90, P = 0.0011), were significantly associated with the standardized operative time in males based on multivariate analysis (Table 7) . In females, prior abdominal surgery (estimate = 1.12, P = 0.0003) and concurrent diseases (estimate = 0.81, P = 0.0059) were associated with the standardized operative time (Table 7) .
DISCUSSION
The operative time for laparoscopic resection is influenced by a surgeon's skills 10, 19 and different surgical procedures. Our current study selects patients who underwent laparoscopic APR for ultra-low rectal cancer (2 to 5 cm from anal verge). All these surgeries are completed by the same expert surgeon. With this homogenous patient population, our results show that BMI, interspinous distance, tumor distance to anal verge, prior abdominal surgery, concurrent diseases, and preoperative chemoradiotherapy are the main factors that can predict operative time. We find that age and concurrent diseases are predictable for blood loss, and that BMI is a predictor for postoperative morbidity.
Great efforts have been made to identify predictors and establish practical models which can be applied in clinics, to estimate operative difficulty. The predicted operative difficulty will help surgical trainees in selecting proper cases, as well as informing patients concerning possible operative risks. A previous study successfully estimates operative difficulty using a scoring system. 20 The scoring system transforms continuous data into categorical ones, which may decrease statistical sensitivity. The best way to identify reliable predictors is from data of a large sample size. Aside from accumulations of sample sizes with time, 1 alternate approach is to perform a meta-analysis. It is observed that operative time is a commonly used endpoint to estimate operative difficulty. However, numerous studies report quite different operative times, 9, 12, 14, 15, 21 which will make it impossible to directly pool these data. We have introduced the standardized operative time which indirectly indicates the percentile of operative difficulty. 17 This novel standardized endpoint enables to researchers to enlarge sample sizes by pooling data from published studies, and built reliable predicting models for clinical use. For this purpose, we propose an online system to store original data of all published studies.
The laparoscopic resection for rectal cancer is performed in the pelvis with a very limited working space. Many pelvic parameters have been used to determine their predicting role on operative difficulty for laparoscopic sphincter preserving resection of rectal cancer. Results are still inconsistent regarding which pelvic parameter is the best predictor. Smaller pelvic outlet, 9 a less acutely curved sacrum, a narrow transverse intertuberous distance, 22 shorter pubic coccyx axis, 15 or transverse interspinous distance, 23 and a smaller lower pelvic diameter 15 are related to longer operative time. Wang et al 12 report that interacetabular, anatomic transverse, interischial, intertuberous distance, distance between the coccyx and symphysis, the angles of the lower border of the symphysis pubis, upper border of symphysis pubis, and sacral promontory are inversely related to operative time. Ogiso et al 10 examine 5 pelvic parameters: anteroposterior and transverse diameters in the pelvic inlet, anteroposterior and transverse diameters in the pelvic outlet, and the pelvic depth. None of them are related to operative time. Killeen et al 22 report that a larger pelvic outlet is associated with longer operative time. Our study shows that interspinous distance is a predictor for operative time of laparoscopic APR. More data with larger sample size are needed to identify which pelvis parameters weigh heaviest in influencing operative difficulty. Greater mesorectal volume in patients with higher BMI restricts the operative field and increases operative time. Majority of patients have normal BMI in our study. Our results show that BMI is a predictor for both operative time and postoperative morbidity. Our further analysis reveals that BMI is a good predictor for operative time in men, but not for women. The predicting role of BMI for laparoscopic sphincter preserving resection of rectal cancer has been observed in previous studies 15 ; however, other researchers have shown that visceral fat may be a better predictor of operative difficulty than BMI. 21 Our study suggests that BMI is an easily obtainable and useful parameter in predicting operative difficulty.
One interesting finding of the current study is the fact that all 3 preoperative clinical factors, prior abdominal surgery, concurrent diseases (hypertension and/or diabetes mellitus), and preoperative chemoradiotherapy are predictable for operative difficulty. In patients with mild or moderate hypertension, drugs used in chronic treatment may increase the need for active management of hypertensive episodes. Drosdeck et al 24 reports that diabetes is a significant risk factor for incisional hernias. In contrast, no association between hypertension, diabetes, and postoperative morbidity early bowel obstruction is observed in another study. 25 Prior abdominal surgery may increase tissue adhesion and fibrosis, thus increases operative time. In a study of 1000 consecutive patients, who received laparoscopic colorectal resections, prior abdominal surgery significantly increased the rate of conversion, inadvertent enterotomy, postoperative ileus, reoperation, and operative time. 26 Preoperative chemoradiotherapy reduces tumor size, and improves the operative field. Previous studies have revealed the safety of rectal surgery after chemoradiotherapy. 14, [27] [28] [29] In contrast, preoperative chemotherapy may increase technical difficulty due to tissue edema, fibrosis, extensive mist, and exudates. All may lead to a greater number of postoperative complications in patients. Our study strongly suggests that patients' preoperative clinical conditions should be included when estimating the operative difficulty.
Limitations of this study include its retrospective nature, as well as its moderate sample size. Because of the extra costs, only 9.4% patients are willing to undertake preoperative chemoradiotherapy. The average of our patients' BMI is much lower than that of population in western countries, but it is comparable with Chinese colorectal cancer patients reported in a recent study. 30 It is observed that there is no patient in our study having a positive longitudinal resection margin, conversion to open surgery, or surgical mortality.
CONCLUSIONS
Using this highly homogenous patient population, we have identified that age, BMI, pelvic inlet, tumor diameter, and temporary diversion influence the difficulty of performing laparoscopic APR for ultra-low rectal cancer. Standardized operative time will make it possible to significantly increase sample size by pooling data from published studies to build reliable models thus predicting operative difficulty for clinical use. 
